Exchange rates have long been thought to have an important impact on the export and import of goods and services, and, thus, exchange rates are expected to influence the price of those products that are traded. At the same time, energy impacts commodity production in some very important ways. The use of chemical and petroleum derived inputs has increased in agriculture over time; the prices of these critical inputs, then, would be expected to alter supply, and, therefore, the prices of commodities using these inputs. Also, agricultural commodities have been increasingly used to produce energy, thereby leading to an expectation of a linkage between energy and commodity markets. In this paper, we examine the price relationship through time of the primary agricultural commodities, exchange rates, and oil prices. Using overlapping time periods, we examine the cointegration relationship between prices to determine changes in the strength of the linkage between markets through time. In general, we find that commodity prices are linked to oil for corn, cotton, and soybeans, but not for wheat, and that exchange rates do play a role in the linkage of prices over time.
Related Literature
Existing literature on crude oil's effect on commodity prices is thin, but several seminal articles highlight the underlying relationship between the two. Campiche et al. (2007) Further results from the same study indicate that crude oil prices do not adjust to changes in the corn and soybean market. The authors concluded from their analysis that soybean prices seemed to be more correlated (through the biodiesel market) to crude oil prices than corn prices. A similar study conducted by Yu et al. (2006) analyzed the cointegration and causality of higher crude oil prices on the price and demand for vegetable oils. They conclude that the influence of shocks in crude oil prices on the variation in vegetable oil prices is relatively small, which appears to reflect results in Zhang and Reed (2008) .
Another link between petroleum and commodity prices put forth by Abbot et al. (2008) is the relationship between rising crude oil prices and an increase in U.S. current account deficit.
A byproduct of an increasing current account is a depreciating currency which makes exports more attractive and imports less attractive (exchange rate effects). Since early 2004, crude oil prices have steadily increased and the U.S. dollar has simultaneously decreased in value relative to most other high and low-income countries' currencies. Both of these factors have resulted in higher corn prices in the U.S., as the decreased dollar has resulted in cheaper corn exports in places like China and India. Because of this, corn exports have not decreased even as corn prices continue to rise.
Like Abbott et al. (2008) , other studies (Hanson et al., 1993; Schnept, 2008; Trostle, 2008) all highlight the effects of changing crude prices on exchange rates, which ''trickle down'' to commodity prices. Nevertheless, a comprehensive evaluation of the relationship between exchange rates, oil, and commodity prices has not been conducted. Changes in these relationships have implications for risk management strategies and may affect longer term policy prescriptions for agriculture.
Following the literature, one can conceptualize the linkages between oil, exchange rates, and commodity prices as in Figure 1 . Here, we expect the ''trickle down'' effect of oil on commodity prices through exchange rates. The open question is whether exchange rates affect oil. It is reasonable to expect that a dollardenominated asset like oil is affected by dollar exchange rates. Direct empirical evidence of this hypothesis is, however, more scant than one might expect. Finally, oil affects commodity production (and, thus, price) through input prices. But, increasingly, oil potentially affects at least some agricultural products through competition in output markets (biofuels). Thus, we anticipate a direct linkage between oil and commodity prices in addition to the indirect effect through exchange rates.
Data and Methods
The Johansen (1992) model is considered to examine the relationship between exchange rates, crude oil prices, and agricultural crop prices. The model is a p-dimensional, k th order VAR-model, written in error-correction form
where X is a vector of exchange rates and prices, and G 1 through G k21 (p Â p) and P (p Â p) are parameters to be estimated for some r 5 1, . . . , p. The errors e are assumed to be independent and Gaussian with mean zero and covariance matrix W.
The rank of matrix P is of interest with regard to the long-run cointegrating relationships between variables in the model. Engle and Granger (1987) provide a general definition of cointegration: if all the variables in X t are integrated of order d, and there exist a cointegrating vector b 6 ¼ 0 such that b9X t is integrated of order d-r, then the processes in X t are cointegrated of order CI (d,r) .
If the rank of P is equal to p then all variables in X are stationary. If the rank of P equals zero, model (1) reduces to a differenced vector time series model implying that no cointegration relationships exist among variables in X. If the rank of P is greater than zero but less than p, there exist two matrices a (p Â r) and b (p Â r) such that P 5 ab9. b consists of r cointegrating vectors representing the long-run relationship between the variables in X while the a's are the adjustment parameters following a deviation from the long-run relationships (Johansen and Juselius, 1990) . Under the assumption of cointegration of order r model (1) can be written as 
The model in (2) has the property that under suitable conditions on the parameters the process is non-stationary, DX t is stationary, and b9X t is stationary. See Johansen (1992 Johansen ( , 1995 . The Augmented Dickey-Fuller Test (ADF) proposed by Dickey and Fuller (1979, 1981 ) is used to test the stationarity of each variable in X and DX. Following Johansen (1992) , to determine if cointegration relationships exist between the variables, first the lag length (k) is determined and then cointegration rank (r) is determined. To determine the lag length the Akaike Information Criterion (AIC) (Akaike, 1974 (Akaike, , 1987 ) Corrected Akaike Information Criterion (CAIC) (Bozdogan, 1987) and the Schwarz Bayesian Criterion (SBC) (Schwarz, 1978) (also known as BIC) are used. To determine the cointegrating rank Johansen (1992) proposes two possible tests: the lmax test and the trace test.
1 The l max test is obtained using l max 5 À T lnð1 À l r11 Þ where the li 's are the eigen values of the matrix P 5 ab9. The idea behind the l max test is that if the (r 1 1) th eigen value is accepted to be zero than the smaller eigen values can also be accepted to be zero. This test is a test of whether there exist r 1 1 cointegrating vectors against r cointegrating vectors. The trace test is obtained using l trace 5 À T P p i 5 r 1 1 lnð1 À l i Þ where only the p2r smallest non-zero eigenvalues, l 5 (l r11 , . . . , l p ), are used in the calculation of the test statistic. The null hypothesis for the trace test is that there are (p2r) cointegrating vectors. The trace test is used in this research since it provides a more consistent way of determining the cointegration order (Johansen, 1992; Johansen and Juselius, 1992) .
Exchange rate data, measured as a trade weighted average of the value of the U.S. dollar against the currencies of a group of major U.S. trading partners, were obtained from the Federal Reserve Economic Data database. Futures price data for crude oil and several agricultural commodities including corn, soybeans, soybean oil, cotton and wheat were obtained from Commodity Research Bureau. Data are monthly observations for the period January 2000 to September 2008.
Results
Results of the ADF tests for unit roots confirm the lack of stationarity in levels (Table 1) for all series. ADF tests on the differenced data confirm that all differenced series are stationary (Table 2) . We then check for the presence of cointegrating relations between crude oil and agricultural commodities corn, soybeans, soybean oil, cotton and wheat. AIC and SBC criteria are used to first determine the lag length for the pairwise relations. We find that lag length is four for corn, soybeans and soybean oil and two for cotton and wheat. This implies longer dynamic relations between crude oil and corn, soybeans and soybean oil than between crude oil and cotton and wheat. In testing for cointegrating relations, we split the data sample into the before and after samples using as a separating date January 1, 2004. We then recursively move the separating date forward one month at a time. These recursive tests confirm that a consistent cointegrating relation exists between crude oil and corn, soybeans and soybean oil starting in April 2006 and between crude oil and cotton starting in June 2004. The earlier date for cotton may be a result of the relative importance of total petroleum-based inputs used in production relative to the other crops. In the case of crude oil and wheat, while at several points in time we fail to reject the presence of a cointegrating relation, these findings are not consistent. In addition, the time periods when we fail to reject the presence of cointegration occur before April 2005. Therefore, we conclude that in the most recent periods no cointegrating relation exists between crude oil and wheat. This is likely because in recent years, wheat prices have been heavily influenced by weather events, meaning less influence of input prices (as well as the fact that wheat is not significantly used in ethanol production). As a result, wheat is excluded from further analysis. Next, we test for the presence of cointegrating relations between crude oil, corn and exchange rates. A lag length of four was determined using the AIC criterion. We then perform the similar recursive procedure as in the case of pairwise tests above. A cointegrating relation is found to exist beginning in April 2006. Results of the Johansen's trace test for cointegration are reported in Table 3 . Cointegration tests are reported for two cases, one where a constant is included in the error correction component (also referred to as the cointegrating space) but not in the autoregressive component of the VAR model. The other case allows for a constant to be included in the autoregressive component of the VAR and not in the error correction component. Trace tests for both cases conclude that there are two cointegrating vectors between crude oil, corn and exchange rates. A c 2 test rejects the case where a constant is included in the error correction component but not in the autoregressive component of the VAR; therefore the model with a constant in the autoregressive component only is estimated. Having found a cointegrating relation, we fit the error correction model in (2) to the system of crude oil, corn and exchange rates. Table 4 reports the parameter estimates for the error correction model. Panel (a) of Table 4 reports the two cointegrating vectors and adjustment parameters. The speed of adjustment of the price of corn,â 3 5 0.948, to the first cointegrating relation is much stronger than to the second. Therefore, we interpret this cointegrating relation as the one between corn, crude oil and the exchange rate. We interpret the second cointegration relation as a relation between the exchange rate and crude oil. The graphs of the cointegration vectors against the price series in Figures 2 and 3 confirm these interpretations. Panel (b) of Table 4 reports the P 5 ab9 parameter estimates while panel (c) reports the parameter estimates of the short run relations between corn, crude oil and exchange rate as well as several misspecification tests. Based on these tests we fail to reject the assumption of normality, homoscedasticity, and no autocorrelation in the residuals for the three equations. Finally, tests of weak exogeneity show that the null hypothesis cannot be rejected at the 5% level of significance for crude oil while it is rejected 2 for corn and the exchange rate. The fact the crude oil is found to be exogenous means that while it Granger-causes corn prices and exchange rate, the corn prices and exchange rate do not Granger-cause oil prices. So, shocks to the oil prices are transferred to the corn prices and exchange rate but not vice-versa.
Finally we investigate the presence of cointegrating relations between several agricultural commodities like corn, soybeans, soybean oil and cotton, and crude oil and exchange rate. For a lag length of two, only one cointegrating relation is found. The reason for only one cointegrating relation may be the small data sample consisting of only 31 observations. We do find more than one cointegrating relation with longer data series, but we believe these relations exist between the agricultural series. We restrict our analysis here to the period since April 2006 since that is the earliest period when a cointegrating relation between corn and crude oil was found. The results of the cointegration tests and estimation for all the series are reported in Tables 5 and 6 . However, given the short data series these results should be interpreted with caution.
Conclusions
The results presented here provide clear evidence that the strength of the relationship between corn and oil, which is indicative of the growing use of corn for ethanol, has increased over time. At the same time, greater use of petroleum-based inputs in both corn and cotton management strategies for corn producers. Changes in the relationship between the output (corn) prices and input prices (through crude oil) implies that the conventional strategies of managing output price risk may not work as well as before. Therefore, the identification of the changes in the relationship between these prices suggests further research is needed to identify appropriate marketing strategies that can be used for risk management. The second implication based on the findings of this research is related to policy actions with respect to biofuels and particularly ethanol from corn. Changes in the relationship between crude oil and corn prices are observed around the time when the renewable fuel standard (RFS) mandates, and in particular corn ethanol production mandates, were raised following the Energy Policy Act 2005 (Anderson and Coble, 2009 ). Thus, policy actions that result in maintaining or changing the current RFS mandates need to take into account their effect on these markets. Table 6 . ** Denotes significance at the five percent level and * at the ten percent level.
